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Abstract. The burden of Plasmodium falciparum malaria has been estimated traditionally in terms of infections and
mortality. Neurocognitive sequelae have recently been identified that add to the burden caused by this parasite. We have
attempted to provide estimates of the neurocognitive burden based upon more recent estimates of the population at risk
and a detailed review of published studies in sub-Saharan Africa. There is little data on which to estimate the burden,
and considerable limitations in extracting the data from the published studies to provide these estimates. However, we
estimate that at least 1,300-7,800 children will have neurologic sequelae following cerebral malaria in stable endemic
areas per year. The figure is likely to be considerably higher, since these estimates do not include neurocognitive
impairment following non-cerebral malaria in children or adults in stable endemic areas, or populations in low stable or

epidemic areas.

INTRODUCTION

Throughout the last century, the burden of malaria in the
world was largely estimated in terms of infection and mortal-
ity. Over the last 15 years, it has become apparent that ma-
laria causes significant morbidity in terms of neurologic and
cognitive impairment. This represents a hidden and poorly
defined public health consequence of malaria, particularly in
Africa. It has been difficult to assess the contribution of the
neurocognitive complications to the burden of malaria due to
a paucity of relevant data, differences in methodologies used
to describe disability, and few attempts to articulate severity
or duration of these disabilities.

Plasmodium falciparum is responsible for almost all the
mortality from malaria and is the only species that appears to
directly affect the central nervous system (CNS) causing neu-
rologic deficits and cognitive sequelae' and epilepsy. It is the
most common cause of malaria in the world, with the World
Health Organization (WHO) estimating that more than 85%
of P. falciparum malaria occurs in sub-Saharan Africa,” where
children bear the brunt of the of the disease.

In this report, we review the spectrum of neurocognitive
sequelae following P. falciparum malaria, with particular em-
phasis on children in Africa and methodologic issues related
to estimating burden across Africa. We use the review of
available evidence to provide a best estimate of the burden of
neurocognitive sequelae following P. falciparum malaria
in 2000, using updated figures of the populations at risk
in Africa.®

METHODOLOGY

Literature search. To identify the spectrum and frequency
of neurocognitive impairment associated with P. falciparum
malaria, a bibliographic research was conducted using the
National Library of Medicine via PubMed and Medline
search engines of relevant published literature from 1960 to
2002. Key phrases used included falciparum malaria and the
following terms: morbidity, cerebral, neurologic, sequelae,
cognition, psychological, impairment, disability, epilepsy, and
Africa. Bibliographies of reviews were browsed to identify
additional articles, particularly those from WHO and United
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Nations sources. In addition relevant doctoral theses were
reviewed. The years of the study were identified to avoid
presenting data twice on the same children.

Definition of neurocognitive sequelae. For the purposes of
this report, neurocognitive sequelae are defined as impair-
ment of neurologic or cognitive function. The neurologic im-
pairment consists of loss of function in motor, including co-
ordination, speech, vision, and hearing domains, as well as
epilepsy (Table 1). Cognitive and language impairment are
defined in Table 1. Behavior difficulties are also included in
the neurocognitive sequelae.

Estimating the frequency of neurocognitive sequelae. Pop-
ulation at risk. The populations at risk of various intensities of
P. falciparum infection have been recently updated by the
Burden of Malaria in Africa project to inform the Disease
Control Priorities Program. In 2000, it was estimated that
there were 557 million people living in areas of sub-Saharan
Africa climatically suitable for malaria transmission (Table
2).> Among this population, approximately 188.6 million chil-
dren less than 15 years of age were exposed to stable endemic
malaria transmission conditions and consequently at risk of
severe complications following infection.

To calculate the children at risk of developing cerebral ma-
laria (CM), we used estimates of annualized CM that were
abstracted from surveillance data between 1991 and 1996.°
This reflected a total of 219,441 person-years exposure to risk
among children resident within the hospital’s catchment area
between 0 and 9 years old and with an incidence of CM cases
presenting to hospital from the combined sites of 1.12/1,000/
year. Although the rates of CM varied considerably between
settings with the highest rates in areas of low-to-moderate
malaria transmission and the lowest rates in areas of intense
malaria transmission, the malaria conditions prevailing across
the sites included in this analysis broadly represent the spec-
trum of transmission across much of stable, endemic malaria
in sub-Saharan Africa, and thus a single point estimate has
been used to describe these risks.

The case fatalities of CM, even under optimal management
conditions, are high. We assumed that clinical conditions that
progress to severe cerebral involvement would not survive in
the absence of intensive clinical management, and as such CM
cases surviving hospital admission probably reflect most of
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TABLE 1

Description of neurocognitive sequelae

Description

Ataxia Unsteadiness in gait or fine manipulation
Hemiparesis/
monoparesis Rarely complete paralysis (hemiplegia)

Severe motor deficit

Weakness of one side of the body (hemiparesis) or limb (monoparesis).

Quadriparesis (weakness of all four limbs) with spasticity. Unable to walk. Often associated with severe

learning difficulties, epilepsy, and blindness.

Dysphasia/dysarthria
Behavioral difficulties
Severe learning difficulties
Visual impairment
Hearing impairment
Cognitive impairment

Difficulty in talking; the studies do not distinguish between language impairment and difficulty in talking
Parents report difficulty in controlling behavior of the child. Child is aggressive and does not obey commands.
Severe cognitive impairment as assessed by a clinician, manifesting as difficulty in understanding commands.
Cortical blindness i.e., unable to navigate through doors or pick up objects, but eyes are normal

Does not appear to hear, does not turn towards sound

Scoring at least 2 standard deviations below the age-specific unexposed group mean or below the 2.0 centile of

the unexposed group results for normally distributed and skewed data, respectively. Some tests have
established a priori defined criteria for impairment

Language impairment
Epilepsy

As in cognitive impairment

Two or more seizures following discharge, unprovoked by fever

the surviving CM cases in a community, and thus exposed to
the risk of sequelae. Those who do not reach a hospital would
contribute to the mortality component of the malaria burden.
From a review of available published studies of hospitalized
CM cases since 1990, the estimated median case-fatality rate
was 17.0% (interquartile range [IQR] = 13.0, 21.7%).> As
such, one can assume an annual incidence of surviving CM
among children 0-9 years old within easy reach of a hospital
setting of between 0.874/1,000/year and 0.975/1,000/year. The
populations exposed to residual sequelae are likely to be
those located within reach of a hospital. An estimate of the
proportion of the population living within 15 km of hospital
care was 36%, a figure used in previous disease burden
calculations and derived from national demographic and
health surveys.*

The differences in the denominators used to calculate risk
(0-9 years old) and the application to continental populations
at risk (0-15 years old) under stable endemic risk were cor-
rected to allow for the residual numbers of cases in older age
groups (10-14 years old). Assuming a risk of exposure to a
sequel between 0.874 and 0.975/1,000, year and a total at-risk
population 0-15 years old living within 15 km of a hospital of
67,900,379 (188,612,165 x 0.36), then the total numbers of
at-risk CM survivors is likely to be between 59,344 and 66,203
each year.

RESULTS

We considered studies reporting neurocognitive impair-
ment in any infections with P. falciparum ranging from
asymptomatic parasitemia to consequences of severe disease.

Infection with P. falciparum. We were able to identify only
two studies that have examined the effect of asymptomatic
parasitemia on cognition, but they were conducted outside
Africa. A study in Yemen demonstrated that parasitemic chil-
dren performed worse than non-parasitemic children in fine
motor tasks, but not in cognitive tests.> In a randomized con-
trol trial of chemoprophylaxis in Sri Lankan school children,
chloroquine prophylaxis improved the scholastic performance
during a malaria transmission season.® Whether these results
are applicable to African children in different endemicity set-
tings is unknown. Another study examining the long-term
effects of malaria chemoprophylaxis during early childhood in

The Gambia upon learning abilities later in life is currently
being analyzed (Jukes M, unpublished data).

Clinical disease. We were not able to identify any studies
that measured the effect of acute febrile episodes caused by P.
falciparum on cognition. It is estimated that there were ap-
proximately 213.6 million clinical episodes of malaria in Af-
rica in 2000. The duration of uncomplicated acute infections
depends upon the immunity, but the median duration of ill-
ness is 5.1 days (IQR = 4.3-6.0).> Thus, through the sheer
number, these infections may contribute to the neurocogni-
tive burden of malaria.

Sequelae of severe P. falciparum malaria. Most studies of
persistent sequelae have been studied in the context of the
severe clinical syndromes that require admission to a hospital.
In African children, the commonest complications precipitat-
ing admission to a hospital are severe anemia, respiratory
distress, recurrent convulsions, and impaired consciousness,
including CM.” Hypoglycemia is a common metabolic dys-
function occurring in 8.4% of the children admitted with ma-
laria to a Kenyan district hospital,® and may have a strong
impact on neurocognitive outcome.

A variety of sequelae have been described following severe
P. falciparum malaria in children (Table 1). The pathogenesis
of sequelae has been recently reviewed.' Most reports of se-
quelae described the neurologic deficits detected on discharge
from a hospital following CM, but the frequencies of these
sequelae have varied considerably from one study to another.
Thus, in an overview conducted in 1997, it was estimated that
10.9% of the children with CM had neurologic deficits fol-
lowing discharge from a hospital.’

While most of the neurologic deficits are usually seen at the

TABLE 2
Sub-Saharan Africa estimates for population at risk in 2000°

Birth 0-4 years  5-14 years  >14 years Total

At risk in southern

Africa 435 2,049 3,709 8,687 14,445
Low stable/epidemic

risk 5280 22,018 34,668 69,126 125,812
Stable endemic risk 17,330 73,351* 115261* 228,105 416,717
Total 23,045 97,418 153,638 305918 556,974

* Numbers for which the risk was calculated.
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time of discharge, others appear later in life for some survi-
vors. The deficits seen on discharge may disappear within a
short period of time or persist with the effect of either mor-
tality or permanent impairment. Measuring the burden con-
tributed at each point in time is difficult due to the absence of
follow-up studies, which can be used to measure incidence.
Estimation of the true burden therefore becomes difficult.

We were able to identify 27 published studies that exam-
ined children on discharge from a hospital for neurologic se-
quelae following severe P. falciparum malaria in Africa
(Table 3). Although there may be inherent biologic reasons
for variations in the descriptions provided from different cen-
ters across the diverse malaria ecologies in Africa, a more
important consideration is the inconsistency in patient recruit-
ment, observational methods, and duration of follow-ups.

Frequency of neurocognitive sequelae. To estimate the fre-
quency of the major neurologic deficits following CM, we
identified four studies from Africa that used the WHO crite-
ria for CM’ and assessed all children on discharge from the
hospital Table 4). Most of these studies were performed in
research units in Malawi, Kenya, and The Gambia attached to
referral hospitals. Two additional studies assessed children
after discharge with a follow-up period of more than 18
months, the time when one would expect most of the recovery
of function to occur. No data were available on the residual
sequelae among populations in southern Africa or areas of
low endemicity in Africa, and no information is available on
adult populations.

We assessed a recent study performed in Kenya in children
based upon rigorous epidemiologic data that identified all
cases of CM admitted to a district hospital over an eight-year
period who were between six and nine years old in 2000 and
2001 (Table 5). This study suggested that neurocognitive impair-
ment is much more extensive. For example, there was an in-
creased prevalence of epilepsy after CM (odds ratio [OR] = 4.4,
95% confidence interval [CI] = 1.4-13.7) and malaria plus com-
plicated seizures (M/S) (OR = 6.1, 95% CI = 2.0-18.3) com-
pared with the unexposed children. Twenty-four percent of
the CM and M/S groups had at least one impairment (as
defined by less than two standard deviations of the mean or
2% of the control group) in any of the domains assessed.'®

Thus, the numbers of children with a persistent impairment
in at least one domain from The Gambian and Kenyan studies
each year following CM brain insult would be between 1,306
(59,344 x 0.02) and 7,812 (66,203 x 0.118) (Table 5). Further
studies are needed to determine if the frequency of sequelae
detected in these studies occur in other areas. For example,
the estimate for epilepsy is likely to be considerably higher if
one takes into consideration epilepsy following non-cere-
bral malaria.

Limitations of the studies. In the review of the studies, a
number of limitations were identified. They can be catego-
rized as follows.

Differences in definition. There are considerable differ-
ences in the definition of the parameters used in these studies.
Thus, some studies use the strict definition of CM proposed
by the WHO,” while others use a more functional definition,
e.g., child with seizures.!''? These differences are further
confounded by differences in the pathogenesis of the strictly
defined clinical complications. Thus, impaired consciousness,
the clinical hallmark of CM, can be caused by seizures, post-
ictal state, systemic disturbances, or a primary neurologic con-

dition.? Clinicians often use different terms to describe similar
neurologic deficits (Table 3). Some impairments were not
assessed by standardized tests, e.g., audiometry for hearing.
The definition of cognitive impairment varied considerably
from clinical judgment to standardized psychological tests.
Some studies did not identify the proportion of children with
impairment, but compared the scores between cases and
controls.'? Furthermore, the definition of cognitive impair-
ment varied, although most psychological tests use at least
two standard deviations below the mean of the control or
normal population.

Selection bias. Many investigators appear to have been se-
lective about the cases that are included in the study, without
giving either the criteria of selection or the denominator of
cases admitted during the period of recruitment. Further-
more, some studies were randomized control trials of inter-
ventions that may have affected the outcome.'*'¢ This makes
the generalization of the results difficult to compare with
other areas in Africa.

Differences in assessment. Clinicians and assessors vary in
their ability to assess children. The ability of clinicians to
detect neurologic deficits varies according to experience and
the circumstances in which the examination is conducted.
Most studies do not report the interobserver variation or ex-
perience of the clinicians in assessment techniques. In the
studies shown in Table 3, mild sequelae were often detected
when the child was examined in an outpatient setting.'’
There are considerable differences in the tools of assessment.
This is particularly applicable to the neuropsychological tests,
in which none of the studies have used the same tests, al-
though many of them have the same theoretical basis, e.g.,
Kaufman Assessment Battery for Children modified for
studies in Kenya'” and Senegal.'®> Some of these differences
have come about by the necessary adaptation of the tests to
local circumstances.

Confounding factors. Most studies have followed-up chil-
dren after discharge from a hospital. It is rarely possible to
take into consideration the pre-morbidity condition of the
child, despite the effect that this may have on the assessment.
Perinatal insults and neurodevelopment prior to the illness is
particularly important.'® Birth weight and nutritional status
may be important in the context of malaria.'® Concurrent
factors, such as iron deficiency or occult infection with hu-
man immunodeficiency virus may effect a child’s assessment,
particularly cognition. Some of the sequelae depend heavily
on parental reporting, e.g., behavioral disturbances and sei-
zures, and thus may be influenced by cultural perceptions of
these conditions.*®

Changes with time. Most neurologic deficits, similar to
other acute insults to the brain, improve over time, with most
change occurring within the first 1-2 years. Children with
severe neurologic deficits often die after discharge from a
hospital. Thus, in a study of Kenyan children who were fol-
lowed up after admission with CM, mortality was increased
compared with those in the community (Mung’ala-Odera V
and others, unpublished data). Other sequelae, however, may
only become evident as the child grows older, e.g., deficits in
language may only be detected when the child begins to use
complicated language.>! Epilepsy caused by malaria can only
appear at a later date, with the cumulative incidence increas-
ing with time, as occurs after other CNS infections.?

A number of post-malaria syndromes have been described,
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TABLE 3

Studies examining neurologic sequelae following severe malaria

Country of study

Period of study

Criteria of cases

Total no. of
cases studied
(% mortality)

No with sequelae
(% of survivors)

Sequelae described

Senegal'!
Uganda®
Senegal®*
Senegal®®
Malawi*®
Zaire™’

Ghana®®

Tanzania>

Malawi*’
The Gambia'?

Nigeria*!

Ghana*?

Kenya*?

Zambia**

Kenya®

Nigeria*®

Nigeria®’

Congo*®

Nigeria®’

The Gambia™
Burundi®'

The Gambia'®

Kenya®
Nigeria®?
Togo™*

Kenya'®

Nigeria®>

1960-1961
1966
1967

Not indicated
1975

1976-1977

1979

1979-1981

1987-1988
1988

1986-1988

1989

1989-1990

1990-1991

1994-1996

1987-1989

1987-1988

1988-1989

1990-1991

1990
1992-1993

1992-1994

1994
1991
1994-1995

1995-1998

1992-1994

Convulsions
Coma
Coma and convulsions

Altered consciousness or
convulsions

Coma

Convulsions, motor deficits
and/or impaired
consciousness

Alteration of the sensorium
and/or convulsions

Impairment of consciousness,
acute convulsions and focal
cerebral signs

Blantyre coma score <4

Coma and convulsions

Coma, seizures, irritability,
and signs of meningeal
irritation

Unarousable coma

Unarousable coma, unable to
localize pain

Blantyre coma score <4 not
fixing and following

Unarousable coma

Unarousable coma but with
purposeful response to
stimuli or worse

Unarousable coma, Adelaide
coma score =6

Coma lasting for at least 2
hours

Unarousable coma but with
purposeful response to
stimuli or worse

Blantyre coma score <2

Unarousable coma, Blantyre
coma score <3
Blantyre coma score <2

Unarousable coma, unable to
localize pain
Coma

Coma, severe alteration of
consciousness
Blantyre coma score <3

Unarousable coma (but with
purposeful response to
stimuli or worse) with or
without convulsions

88 (25)
20 (30)
34(9)
235 (32)
39 (28)
131 (?)
43 (5)

66 (18)

131 (15)
377 (16)

75 (20)

113 (5)

42 (19)

83 (19)

160 (16)

61 (18)

78 (21)

170 (15)

54 (17)

41 (29)
56 (9)

624 (22)

65 (11)
45 (13)
230 (22)

340 (13)

103 (22)

16 (24)

3()

10 (20)

12 (11)
29 (9)

10 (17)

16 (15)

5(15)

2(3)

29 (22)

8 (16)

11 (18)

13 (9)

5(11)

509
4(8)

114 (23)

8 (14)
11 (28)
15 (8)

24 (17)

12 (15)

Not reported

Monoparesis

Ataxia, blindness, deafness, hemiplegia, motor,
behavior

Not reported

Spastic cerebral palsy
Hemiplegia, cortical blindness

Hemiparesis, psychosis, auditory and visual
hallucinations

Hemiparesis, epileptic fits, hemihyperthesia,
organic psycho syndrome

Hemiparesis, hypotonia, limbs spasticity,
cerebellar ataxia, exrapyramidal tremor
Decerebration, hemiplegia, ataxia, aphasia,
blindness, spasticity, psychosis, epilepsy

Hemiparesis, psychosis, aphasia, amnesia

Increase tone, could not walk, could not sit,
could not talk, blindness, deafness,
hyperactivity, convulsions

Seizures, ataxia, hyperreflexia, inability to
sit/walk

Paresis

Visual and hearing deficits, hemiparesis,
hypertonia, mental retardation, monoparesis,
quadra paresis, speech impairment, inability
to sit/stand

Cranial nerve palsies, speech deficits,
intellectual impairment, monoparesis,
cortical blindness

Hemiplegia, seizures, monoparesis,
quadriplegia, memory impairment, hearing
loss, dysarthria, dysphasia, blindness

Seizures, cortical blindness, hemiparesis,
hypotonia, muscle tone, disorders, ataxia,
speech disorders, hemichorea

Motor weakness, cortical blindness, loss of
neurologic milestones

Hemiplegia, generalized weakness and
irritability
Not described

Paresis, ataxia, hearing defects, visual defects,
aphasia/dysarthria, behavior problems,
developmental regression, seizures

Hemiplegia, spastic quadriplegia, cognitive and
speech problems, epilepsy

Hearing loss, cortical blindness, dyskinesia,
echolalia, aphasia, hemiplegia

Aphasia, hemiplegia, speech impairment,
oculomotor paralysis, ataxia

Visual impairment, quadriplegia,
developmental delay, hemiplegia, epilepsy,
ataxia, speech impairment

Cortical deafness, abnormal gait, aphasia,
hypotonia, motor deficits
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TABLE 4

Frequency of neurocognitive impairment on discharge following cerebral malaria*

Malawi The Gambia Nigeria Kenya Nigeria Sequelae present
(1987-1988)* (1988)"2 (1991)> (1992-1994)* (1992-1994)%7 on discharge
Study Discharge  >6 months  Discharge >6 months Discharge >6 months Discharge >6 months Discharge >6 months %

Number studied 131 308 45 160 78
No. assessed 111 265 23 39 10 134 62 62
No. with deficits 12 32 11 11 2 29 11 7
Duration of follow-up

(months) 1 6 1-6 1 week 0 12
Ataxia 2 6 0 4 0 0 0 0 0.38
Hemiparesis 4 23 6 1 0 2 4 4 1.64
Severe motor deficit 2 9 2 1 0 4 0 0 0.66
Dysarthria/aphasia NR 9 2 3 1 0 1 0 0.82
Behavior difficulties NR NR NR 1 0 1 0 0 0.76
Severe learning difficulties NR NR NR 0 1 4 0 0 0.95
Visual impairment NR 11 2 2 0 5 3 0 0.47
Hearing impairment NR NR NR 3 0 6 1 1 0.68
Convulsions NR NR 3 0 0 0 1 1

*NR = not recorded.

of which post-malaria neurologic syndrome (manifesting as
psychosis and seizures)®® and post-malaria cerebellar syn-
drome (ataxia)** are the best documented. These syndromes
last only a couple of months and are rarely reported in Af-
rica.?® Thus, they may not contribute significantly to the neu-
rocognitive burden. It is unclear if either acute infections or
the post-malarial syndromes have any long-lasting effects on
cognitive function, or cause epilepsy.

DISCUSSION

In Africa, there is little accurate data to estimate the bur-
den of neurocognitive impairment caused by P. falciparum
malaria. Based upon the data extracted and presented in this
report, at least 1,000 children are likely to be left with serious
neurologic impairment following CM across areas of stable
endemic malaria in Africa each year. This is the minimum
estimate and is lower than that produced by Murphy and
Breman®® using a different methodology. This estimate does
not include sequelae following non-cerebral malaria or se-
quelae in an additional 368 million people exposed to some
risk of malaria infection or disease, including those located in
southern Africa, low endemic or epidemic areas, or adults.
Furthermore, these estimates of sequelae are likely to under-

estimate the burden simply by virtue of the limited periods of
follow-up in studies to-date, particularly for epilepsy, which
may become more evident with time, and difficulties with
school caused by language and cognitive impairment. The
current estimates are crude and should be interpreted with
caution due to the inherent weaknesses of the available data
and absence of relevant data for estimation purposes.

These present, albeit, crude estimates signal the importance
of P. falciparum malaria in causing disability in sub-Saharan
Africa. Plasmodium falciparum may be one of the most im-
portant causes of acquired disability in malaria-endemic areas
of the continent, leading to long-term personal impairments
that may impede economic development in countries plagued
by malaria. Many of the sequelae described in this review are
life-long impairments in quality of life and provide a chronic
economic and palliative care burden to households. The eco-
nomic costs of the disability within households may be overt
or through the loss of potential earnings. The cost of drugs or
supportive care, if available, depends entirely upon the types
of disability. For the management of epilepsy, the minimum
simplest regimens may amount to 20-30 US dollars per year
per patient.”’” Many children with severe motor impairments
are unlikely to attend school, particularly when household
resources for education are scarce. Furthermore, their contri-

TABLE 5
Persistent neurocognitive impairments following cerebral malaria in Africa* (minimum estimates)

The Gambia Kenya Number with
(1992-1994)¥ (2000-2001)>+ impairments
Time after admission to assessment 6 18 64 (IQR 40-78) -
Number assessed 452 13 152 -
Deficit
Ataxia 5(1.1) 3(0.7) 6(3.9) 415-2,185
Motor deficits 7(1.6) 4(0.9) 5(33) 534-2,582
Hearing impairment 3(0.7) 1(0.2) 0 0-132
Visual impairment 2(0.4) 1(0.2) 0 0-132
Speech difficulties 4(0.9) 4(0.9) 14 (9.2) 534-6,091
Behavior difficulties 4(0.9) 1(0.2) 1(0.7) 119-463
Severe learning difficulties 4(0.9) 2 (0.4) 0 0-265
Epilepsy 1(0.2) 1(0.2) 10 (6.6) 119-4,369
Impairment in one domain 20 (4.4) 10 (2.2) 18 (11.8) 1,306-7,812

* Values in parentheses are percentages. IQR = interquartile range.
+ Removes the background prevalence in the control group.
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bution to the household income is limited. Finally, children
surviving CM are more likely to die than those not exposed to
CM, particularly if they have neurologic deficits (Mung’ala-
Odera V, unpublished data) or epilepsy.?%-2%-3°

Assessment of disability is difficult, but forms an integral
part of the WHO estimation of disease burden, which is sum-
marized as the disability adjusted life years (DALYs).*"2
This is a quantitative measure of years of life lost due to
premature mortality plus years of life disabled. Disability for
any given condition is calculated as a weight, which is equiva-
lent to some fraction of a death. These weights are based
upon western estimates and are unlikely to be applicable to
malaria-endemic areas. Given the paucity of data in malari-
ous areas, it is difficult to provide even a crude estimate of the
disability component of DALYs for malaria.

It is clear from this review that more comparable, standard-
ized, longer follow-up data are needed to provide accurate
estimates of the burden of P. falciparum malaria on neurocog-
nitive impairment. More data on the sequelae following CM
is required, particularly from areas of different endemicity,
and among older children and adults and different ethnic
groups. Much of the assessment of cognition was assessed
with western psychological tests that had been adapted for
local circumstances. It is unclear if this adoption is ad-
equate,'® and psychological tests that can assess similar pa-
rameters need to be developed in the context of different
cultures. Studies with longer follow-up after exposure to CM
are required, in particular to detect epilepsy. The extent of
neurocognitive impairment, either transient or permanent,
following less severe P. falciparum malaria needs to be docu-
mented. Only with these studies can an accurate estimate of
the burden of P. falciparum malaria in sub-Saharan Africa
be determined.

Received August 21, 2003. Accepted for publication March 22, 2004.

Acknowledgments: This paper was published with the permission of
the Director of the Kenya Medical Research Institute.

Financial support: This work was supported by grants to Robert W.
Snow (no. 058992) and Charles R. J. C. Newton (no. 050533) as part
of the Wellcome Trust Senior Research Fellows Program and the
Kenyan Medical Research Institute.

Authors’ addresses: Victor Mung’ala-Odera, Center for Geographic
Medicine-Coast, Kenya Medical Research Institute, PO Box 428,
Kilifi, Kenya, E-mail: vodera@kilifi.mimcom.net. Robert W. Snow,
Kenya Medical Research Institute-Wellcome Trust Collaborative
Program, Nairobi, Kenya and Centre for Tropical Medicine, Univer-
sity of Oxford, John Radcliffe Hospital, Oxford, OX3 9DU, United
Kingdom. Charles R. J. C. Newton, Centre for Geographic Medicine
Research-Coast, Kenya Medical Research Institute, PO Box 428,
Kilifi, Kenya and Neurosciences Unit, Institute of Child Health, Uni-
versity of London, The Wolfson Center, Mecklenburgh Square, Lon-
don WCIN 2AP, United Kingdom.

REFERENCES

1. Newton CR, Hien TT, White N, 2000. Cerebral malaria. J Neurol
Neurosurg Psychiatry 69: 433-441.

2. WHO, 2001. The World Health Report. Mental Health: New Un-
derstanding, New Hope. Geneva: World Health Organization.

3. Snow RW, Craig MH, Newton CR, Steketee RW, 2003. The Pub-
lic Health Burden of Plasmodium falciparum Malaria in Africa:
Deriving the Numbers. Bethesda, MD: Fogarty International
Center, National Institutes of Health. Working Paper 11, Dis-
ease Control Priorities Project, 1-80.

4. Snow RW, Craig M, Deichmann U, Marsh K, 1999. Estimating
mortality, morbidity and disability due to malaria among Af-
rica’s non-pregnant population. Bull World Health Organ 77:
624-640.

5. Al Serouri AW, Grantham-McGregor SM, Greenwood B, Cos-
tello A, 2000. Impact of asymptomatic malaria parasitaemia on
cognitive function and school achievement of schoolchildren in
the Yemen Republic. Parasitology 121: 337-345.

6. Fernando SD, Gunawardena DM, Bandara MR, de Silva D,
Mendis KN, 2003. The impact of repeated malaria attacks on
school performance of children. Am J Trop Med Hyg 69: 582—
588.

7. World Health Organization, 2001. Severe falciparum malaria.
Trans R Soc Trop Med Hyg 94 (suppl 1): S1-1-S1/74. 2000.

8. Osier FH, Berkley JA, Ross A, Sanderson F, Mohammed S,
Newton CR, 2003. Abnormal blood glucose concentrations on
admission to a rural Kenyan district hospital: prevalence and
outcome. Arch Dis Child 88: 621-625.

9. Newton CR, Krishna S, 1998. Severe falciparum malaria in chil-
dren: current understanding of pathophysiology and support-
ive treatment. Pharmacol Ther 79: 1-53.

10. Carter JA, Neville BGR, White S, Ross AJ, Otieno G, Mturi N,
Musumba C, Newton CRIJC, 2004. Increased prevalence of
epilepsy following severe falciparum malaria in children. Epi-
lepsia: (in press).

11. Armengaud M, Louvain M, Diop Mar I, 1962. Etude portant sur
448 cas de paludisme chez I’African de la region dakaroise.
Bull Soc Pathol Exot 7: 167-197.

12. Brewster DR, Kwiatkowski D, White NJ, 1990. Neurological se-
quelae of cerebral malaria in children. Lancet 336: 1039-1043.

13. Boivin MJ, 2002. Effects of early cerebral malaria on cognitive
ability in Senegalese children. J Dev Behav Pediatr 23: 353-
364.

14. van Hensbroek MB, Onyiorah E, Jaffar S, Schneider G, Palmer
A, Frenkel J, Enwere G, Forck S, Nusmeijer A, Bennett S,
Greenwood B, Kwiatkowski D, 1996. A trial of artemether or
quinine in children with cerebral malaria. N Engl J Med 335:
69-75.

15. van Hensbroek MB, Palmer A, Jaffar S, Schneider G, Kwiat-
kowski D, 1997. Residual neurologic sequelae after childhood
cerebral malaria. J Pediatr 131: 125-129.

16. Crawley J, Waruiru C, Mithwani S, Mwangi I, Watkins W, Ouma
D, Winstanley P, Peto T, Marsh K, 2000. Effect of phenobar-
bital on seizure frequency and mortality in childhood cerebral
malaria: a randomised, controlled intervention study. Lancet
355:701-706.

17. Holding PA, Stevenson J, Peshu N, Marsh K, 1999. Cognitive
sequelae of severe malaria with impaired consciousness. Trans
R Soc Trop Med Hyg 93: 529-534.

18. Madge N, Diamond J, Miller D, Ross E, McManus C, Wadsworth
J, Yule W, 1993. The National Childhood Encephalopthy
Study: A 10 year follow-up. Dev Med Child Neurol 35 (Suppl
68): 1-118.

19. Holding PA, Wekulo P, 2003. New Perspectives on the Causes and
Potential Costs of Malaria. The Growth and Development of
Children. What Should We Be Measuring and How Should We
Be Measuring It? Bethesda, MD: Fogerty International Center,
National Institutes of Health. Working Paper no. 7. Disease
Control Priorities Project.

20. Versteeg AC, Carter JA, Dzombo J, Neville BG, Newton CR,
2003. Seizure disorders among relatives of Kenyan children
with severe falciparum malaria. Trop Med Int Health 8: 12-16.

21. Carter JA, Murira GM, Ross AJ, Mung’Ala-Odera V, Newton
CR, 2003. Speech and language sequelae of severe malaria in
Kenyan children. Brain Inj 17: 217-224.

22. Annegers JF, Hauser WA, Beghi E, Nicolosi A, Kurland LT,
1988. The risk of unprovoked seizures after encephalitis and
meningitis. Neurology 38: 1407-1410.

23. Nguyen TH, Day NP, Ly VC, Waller D, Nguyen HP, Bethell DB,
Tran TH, White NJ, 1996. Post-malaria neurological syn-
drome. Lancet 348: 917-921.

24. Senanayake N, de Silva HJ, 1994. Delayed cerebellar ataxia com-
plicating falciparum malaria: a clinical study of 74 patients. J
Neurol 241: 456-459.

25. Lawn SD, Flanagan KL, Wright SG, Doherty TF, Godfrey-



70

26.

27.

28.

29.

30.

31.
32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

MUNG’ALA-ODERA AND OTHERS

Faussett P, 2003. Postmalaria neurological syndrome: two
cases from The Gambia. Clin Infect Dis 36: E29-E31.

Murphy SC, Breman JG, 2001. Gaps in the childhood malaria
burden in Africa: cerebral malaria, neurological sequelae, ane-
mia, respiratory distress, hypoglycemia, and complications of
pregnancy. Am J Trop Med Hyg 64: 57-67.

Meinardi H, Scott RA, Reis R, Sander JW, 2001. The treatment
gap in epilepsy: the current situation and ways forward. Epi-
lepsia 42: 136-149.

Jilek-Aall L, Rwiza HT, 1992. Prognosis of epilepsy in a rural
African community: a 30-year follow-up of 164 patients in an
outpatient clinic in rural Tanzania. Epilepsia 33: 645-650.

Snow RW, Williams RE, Rogers JE, Mung’ala VO, Peshu N,
1994. The prevalence of epilepsy among a rural Kenyan popu-
lation. Its association with premature mortality. Trop Geogr
Med 46: 175-179.

Coleman R, Loppy L, Walraven G, 2002. The treatment gap and
primary health care for people with epilepsy in rural Gambia.
Bull World Health Organ 80: 378-383.

Murray CJ, Lopez AD, 1994. Global and regional cause-of-death
patterns in 1990. Bull World Health Organ 72: 447-480.

Murray CJ, Lopez AD, 1994. Quantifying disability: data, meth-
ods and results. Bull World Health Organ 72: 481-494.

Musoke LK, 1966. Neurological manifestations of malaria in chil-
dren. East Afr Med J 43: 561-564.

Sanohko A, Dareys JP, Charreau M, 1968. Etat encephalitique
prolonge et acces pernicieux palustres. Bull Soc Med Afr Noire
Lang Fr 3: 662-669.

Lemercier G, Bert J, Nouhouayi A, Rey M, Collomb H, 1969. Le
neuropaludisme: aspects electroencepahlographiques, neuro-
pathologiques, problemes physiopathologiques. Pathol Biol
(Paris) 17: 459-472.

Berner H, 1975. Malaria bei kindern unter besonderer beruck-
sightigung der cerebralen malaria. Klin Padiatr 187: 401-406.

Omanga U, Ntihinyurwa M, Shako D, Mashako M, 1983. Les
hemiplegies au cours de 1’acces pernicieux a Plasmodium fal-
ciparum de I'enfant. Ann Pediatr 30: 294-296.

Commey JO, Mills-Tetteh D, Phillips BJ, 1980. Cerebral malaria
in Accra, Ghana. Ghana Med J 19: 68-72.

Schmutzhard E, Gerstenbrand F, 1984. Cerebral malaria in Tan-
zania. Its epidemiology, clinical symptoms and neurological
long term sequelae in the light of 66 cases. Trans R Soc Trop
Med Hyg 78: 351-353.

Molyneux ME, Taylor TE, Wirima JJ, Borgstein A, 1989. Clinical
features and prognostic indicators in paediatric cerebral ma-
laria: a study of 131 comatose Malawian children. QJM 71:
441-459.

Ikpatt NW, Asindi AA, Ekanem IA, Khalil MI, 1990. Preliminary
observations on cerebral malaria in Nigerian children. East Afr
Med J 67: 341-347.

Neequaye J, Ofori-Adjei E, Ofori-Adjei D, Renner L, 1991.
Comparative trial of oral versus intramuscular chloroquine in

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

children with cerebral malaria. Trans R Soc Trop Med Hyg 85:
718-722.

Pasvol G, Newton CR, Winstanley PA, Watkins WM, Peshu NM,
Were JB, Marsh K, Warrell DA, 1991. Quinine treatment of
severe falciparum malaria in African children: a randomized
comparison of three regimens. Am J Trop Med Hyg 45: 702—
713.

Gordeuk V, Thuma P, Brittenham G, Mclaren C, Parry D, Back-
enstose A, Biemba G, Msiska R, Holmes L, McKinley E, Var-
gas L, Gilkeson R, Poltera AA, 1992. Effect of iron chelation
therapy on recovery from deep coma in children with cerebral
malaria. N Engl J Med 327: 1473-1477.

Murphy S, English M, Waruiru C, Mwangi I, Amukoye E, Craw-
ley J, Newton C, Winstanley P, Peshu N, Marsh K, 1996. An
open randomized trial of artemether versus quinine in the
treatment of cerebral malaria in African children. Trans R Soc
Trop Med Hyg 90: 298-301.

Walker O, Salako LA, Sowunmi A, Thomas JO, Sodeine O,
Bondi FS, 1992. Prognostic risk factors and post mortem find-
ings in cerebral malaria in children. Trans R Soc Trop Med
Hyg 86: 491-493.

Bondi FS, 1992. The incidence and outcome of neurological ab-
normalities in childhood cerebral malaria: a long term follow-
up of 62 survivors. Trans R Soc Trop Med Hyg 86: 17-19.

Carme B, Bouquety JC, Plassart H, 1993. Mortality and sequelae
due to cerebral malaria in African children in Brazzaville,
Congo. Am J Trop Med Hyg 48: 216-221.

Walker O, Salako LA, Omokhodion SI, Sowunmi A, 1993. An
open randomized comparative study of intramuscular arte-
mether and intravenous quinine in cerebral malaria in chil-
dren. Trans R Soc Trop Med Hyg 87: 564-566.

Kwiatkowski D, Molyneux ME, Stephens S, Curtis N, Klein N,
Pointaire P, Smit M, Allan R, Brewster DR, Grau GE, Green-
wood BM, 1993. Anti-TNF therapy inhibits fever in cerebral
malaria. QJM 86: 91-98.

Di Perri G, Di Perri IG, Monteiro GB, Bonora S, Hennig C,
Cassatella M, Micciolo R, Vento S, Dusi S, Bassetti D, Concia
E, 1995. Pentoxifylline as a supportive agent in the treatment
of cerebral malaria in children. J Infect Dis 171: 1317-1322.

Crawley J, Smith S, Kirkham FJ, Muthinji P, Waruiru C, Marsh
K, 1996. Seizures and status epileticus in childhood cerebral
malaria. QJM 89: 591-597.

Meremikwu MM, Asindi AA, Ezedinachi E, 1997. The pattern of
neurological sequelae of childhood cerebral malaria among
survivors in Calabar, Nigeria. Cent Afr J Med 43: 231-234.

Assimadi JK, Gbadoe AD, Atakouma DY, Agbenowossi K,
Lawson-Evi K, Gayibor A, Kassankogno Y, 1998. Arch Pediatr
5:1310-1315.

Olumese PE, Gbadegesin RA, Adeyemo AA, Brown B, Walker
A, 1999. Neurological features of cerebral malaria in Nigerian
children. Ann Trop Paediatr 19: 321-325.



